LYMPH nodes in the immediate neighborhood of a primary tumor not infrequently show hyperplasia of the cells lining their sinuses-a lesion that various authors have described as sinus catarrth (Willis, 1934), lymphoid-histiocytic follicular reticulosis (Robb-Smith, 1946; Marshall, 1956 ), sinus histiocytosis (Black, Kerpe, and Speer, 1953) , and sinus cell hyperplasia. In humans sinus cell hyperplasia has been observed in lymph nodes regional to carcinoma of the uterine cervix
the lymph nodes of mice bearing transplanted tumors (Homburger, 1948) .
The nature of the sinus cell hyperplasia is not clear and different authors have interpreted its significance differently. Some believe that the hyperplasia is an indication of host resistance, others that it has nothing to do with host resistance and still others that it develops because of secondary changes in the tumor such as necrosis and infection. In view of these differences of opinion and of the small number of studies that have been made, it seemed likely that a re-investigation of the matter might provide additional information that would help resolve some of the issues and so the present study of sinus cell hyperplasia was undertaken.
In the early years of the nineteenth century, a number of gynecologists noted that, even in the absence of metastases, enlargement of the pelvic lymph nodes sometimes accompanied carcinoma of the uterine cervix (Ries, 1901; Kroemer, 1904; Courtois-Suffit, 1901; Vinay, 1900; Schindler, 1906) . These authors observed that the enlargement was sometimes, but not always, associated with "a septic, ulcerative process in the cancerous growth ", and conversely that enlargement was not necessarily always present when there was ulceration of the cancer. Microscopic examination of such enlarged nodes disclosed sinus cell hyperplasia and large lymphoid follicles with conspicuous germinal centers. In addition Kroemer (1904) observed that the hyperplastic nodes remained free of cancer for long periods of time although sooner or later metastases developed. Because of this observation, he suggested that the reaction in the lymph node might act as a barrier to metastases, although he did not believe the evidence indicated that lymph nodes actually destroyed cancer cells. Kroemer's opinions * Present address.
have received both pathological and experimental support (Goldmann, 1907; Yoffey, 1932) . Schindler (1906) also reported that in his experience metastases were less common in lymph nodes that showed sinus cell hyperplasia than in those that did not. Vinay (1900) and Courtois-Suffit (1901) , differentiated three forms of lymphadenopathy in cancer of the uterine cervix, 1) precancerous inflammatory enlargement and fibrosis, 2) cancerous lymphadenopathy, and 3) inflammatory lymphadenopathy. Most recent workers, however, have rejected the concept of a precancerous pexiod of preparation of lymph nodes for metastases (Willis, 1934) .
Despite the early recognition by gynecologists of alterations in the lymph nodes regional to a cancer, most students of tumors have paid little attention to the changes believing they were in no way distinctive and to be ascribed to a variety of causes: to the effects of microorganisms, to absorption of extravasated blood pigments or lipids, to retention of secretions, particularly in the breast (Ewing, 1940; Willis, 1934; Symmers, 1951; Marshall, 1956) , to decomposition of the primary tumor (Kitain, 1922; Geller, 1950) , to metabolic products of the primary tumor (Walther, 1948) or simply to "non-specific changes " (Willis, 1934 Some observers hold that the sinus cell hyperplasia is an indication of host resistance while others doubt that the available evidence supports this idea.
In addition to sinus cell hyperplasia, some authors have also reported finding granulomatous lesions in the lymph nodes adjacent to a cancer (Wolbach, 1911; Nickerson, 1937; Nadel and Ackerman, 1950; Gherardi, 1950; Symmers, 1951; Black, Kerpe and Speer, 1953; ten Seldam, 1956; Wartman, 1956; Gorton and Linell, 1957 (Symmers, 1951; Refvern, 1954; ten Seldam, 1956; Gorton and Linnell, 1957) , radiation of the primary tumor (Larsson, 1949; Gorton and Linnell, 1957) , infection of the primary tumor and hypersensitivity (ten Seldam, 1956 ).
Deposits of hyaline or amyloid-like material in the sinuses and pulp of the lymph nodes have also been described and are thought to be in some way related to sinus cell hyperplasia or granuloma formation (Symmers, 1951; Black, Kerpe and Speer, 1953) .
MATERIAL AND METHODS
All cases of adenocarcinoma of the female breast recorded in the files of the Bland-Sutton Institute of Pathology, Middlesex Hospital, London, for the year 1951 were reviewed. The patients had been treated by radical mastectomy and in most cases histologic sections of the primary tumor and axillary lymph nodes stained with hematoxylin and eosin were available for microscopic study. In addition, follow-up studies had been made so that it was known whether the patients were (1) living and free of cancer, (2) living but with clinical evidences of cancer, (3) dead of cancer, or (4) dead of unrelated cause. Althogether there were 103 cases in the files and of these 66 had histologic sections of both the primary tumor and axillary lymph nodes (404 nodes) as well as adequate followup data. These 66 cases were analyzed with respect to (1) sinus cell hyperplasia in the lymph nodes, (2) metastases, (3) histologic grade of the primary tumor, (4) length of survival after operation, (5) inflammation and necrosis of the primary tumor, (6) follicular hyperplasia, (7) granuloma formation, and (8) hyaline deposits in the lymph nodes.
A similar analysis was made of patients with primary adenocarcinoma of the colon operated on at Middlesex Hospital during the year 1956. This particular year was chosen because a special study of carcinoma of the colon had been started that year and all lymph nodes removed by the surgeon had been prepared for microscopic examination. There were twenty-four cases with 303 lymph nodes.
The degree of sinus cell hyperplasia was graded empirically as absent, slight, moderate or marked, but for the purposes of the tables only nodes with moderate 391 or marked changes were considered as showing sinus cell hyperplasia, whereas nodes with slight changes were classified with those showing none at all. Not every node in a given case showed sinus cell hyperplasia and at times the hyperplasis in individual nodes was focal rather than diffuse. Such variation, however, is not recorded in the tables which show simply whether or not hyperplasia was present in any of the nodes.
The primary carcinomas in both breast and colon were graded histologically according to the method of Patey and Scarff (1928 , 1929 ) and Scarff (1952 which is based on the recognition of two factors-anaplasia and rapid growth. Anaplasia is recognized by absence of tubule formation; and rapid growth by irregularity of nuclei, hyperchromatism and mitosis. By use of this method the tumors were sorted as follows: Grade 1 carcinomas showed only slight anaplasia and evidences of slow growth, Grade 2 carcinomas showed moderate anaplasia and evidences of moderately rapid growth and Grade 3 tumors anaplasia and rapid growth.
RESULTS
Microscopic examination of the lymph nodes showed that 50 per cent of cases of breast carcinoma and 33 per cent of cases of colon carcinoma had sinus cell hyperplasia ( Table I ). The changes consisted of dilatation of the lymphatic sinuses, often most pronounced in the medullary sinuses, and hyperplasia, proliferation and desquamation of the cells lining the sinuses. These cells had abundant, faintly eosinophilic cytoplasm which often appeared amoeboid, stretching out and branching laterally at the poles of the cells. Some cells were continuous with similar ones on the wall of the sinus and formed a syncytium. The cells stained positively with the Weil-Davenport method, and were thought to be littoral cells (the metalophil cells of Marshall (1956) or the reticular cells of Maximow and Bloom (1942) . These findings confirm the observations of others.
Correlation of Sinus Cell Hyperplasia with Metastases, Length of Survival and
Histologic Grade of the Primary Tumor. Analysis of the cases according to whether or not tumor deposits were discovered in the nodes removed at operation showed that sinus cell hyperplasia occurred more frequently in patients free of metastases than in those with metastases ( not always associated with sinus cell hyperplasia and it would seem that other factors must have operated in these cases. Careful microscopic examination of the lymph nodes from the cases with inflamed or necrotic primary tumors also failed to reveal the expected evidences of inflammatory lymph adenopathy such as follicular hyperplasia (Table III) , phagocytosis, lipid deposits, abscesses or accumulations of plasma cells.
Follicular Hyperplasia, Granulomas and Hyaline A small proportion of cases of both breast and colon carcinoma showed in regional lymph nodes an increased number of large follicles with prominent germinal centers, granulomas of sarcoid type, or hyaline deposits (Table IV) .
Follicular hyperplasia occurred more frequently in carcinoma of the colon and hyaline deposition in carcinoma of the breast. In both types of cancer, granuloma and hyaline were more frequent in nodes that did not contain metastases than in those that did.
DISCUSSION
In this study one half the patients with breast carcinoma and one third of those with colon carcinoma had sinus cell hyperplasia of regional lymph nodes at the time of operation and analysis of the cases indicated that patients with sinus cell hyperplasia had developed fewer metastases in regional lymph nodes than had patients without such changes. Further, in patients with both metastases and sinus cell hyperplasia, the hyperplasia occurred chiefly in the nodes in which no tumor was discovered. These findings confirm those of other workers (Black, Kerpe and Speer, 1953; Black and Speer, 1958; Berg, 1956 ). Comparison of the histologic grade of the primary tumor and the prevalence of sinus cell hyperplasia in the regional nodes showed that it was present in 64 per cent of Grade 1 tumours of the breast but in only 34 per cent of Grade 3 tumors. In colon carcinoma a similar difference was obvious for 40 per cent of Grade 1 tumors had sinus hyperplasia, but none of Grade 3 tumors. Patients with nodal sinus hyperplasia also had a better chance of surviving for seven years after operation than did patients without sinus cell hyperplasia.
Although these findings suggest that host resistance to the tumor may have occurred, we must not overlook the possibility that the changes in the lymph nodes represent a reaction not to the tumor but to something else. One possibility is that necrosis and inflammation in the primary tumor may have caused the reaction. This possibility was investigated but the data on it are not clear-cut perhaps because of the nature of the material which was studied. Thus only the written descriptions of the tumors and the ordinary microscopic sections were available for determining the presence and severity of the necrosis and inflammation and it is possible that they may have been overlooked in the gross examination of the specimens or that the histologic sections did not include the areas of inflammation and necrosis. Nevertheless some information on the point can be obtained by analysis of the cases in which inflammation and necrosis were discovered. For example, in breast cancer only about half the cases with necrosis and inflammation of the primary tumor showed sinus cell hyperplasia and in colon carcinoma somewhat less than a third (Table II) . Necrosis and inflammation were commoner in colon than in breast carcinoma-71 as contrasted with 37 per cent-but the incidence of hyperplasia was just the reverse-29 per cent of colon and 56 per cent of breast carcinomas. The microscopic appearance of lymph nodes with sinus cell hyperplasia was also different from that commonly seen in inflammatory lymphadenopathy, since follicular hyperplasia was not frequent and there were no abscesses, phagocytes or collections of plasma cells. It might also be expected that carcinoma of the colon, being more frequently infected than carcinoma of the breast, would show more sinus cell hyperplasia in regional lymph nodes but this was not the case. These findings suggest that although necrosis and inflammation may be one cause of sinus cell hyperplasia they are probably not the only one.
Other possible causes of sinus cell hyperplasia, such as retention of secretions could not be studied in the present material. It might be pointed out, however, that although retention of secretions may be a possibility in breast carcinoma, it does not seem to be a likely cause in carcinoma of the colon, stomach or uterine cervix where sinus cell hyperplasia also occurs.
The significance of the findings of granulomas and deposits of hyaline in some of the lymph nodes is unclear. The data in Table V , which are too few to be statistically significant, suggest that granulomas and hyaline were more common in nodes showing sinus cell hyperplasia than in those without it as well as in nodes that were free of secondary carcinoma (Table V) . There was, however, no marked -increase in the number of granulomas formed or the amount of hyaline deposited when the primary tumor was necrotic or inflamed. The results of this study, while agreeing in the main with those of Black and his colleagues, nevertheless differ in certain respects which may now be mentioned. Follicular hyperplasia did not occur as frequently in the cases in the present series as in Black's and there was a positive correlation between the histological grade of the primary carcinoma and the incidence of sinus cell hyperplasia. Black could not show such a correlation. The reasons for these differences in observations are not apparent but in the case of histologic grading, different methods of evaluation may have been used. Black and his colleagues suggested that the presence of sinus cell hyperplasia assured a patient of a five year survival. Our data for a seven year survival period do not show this although, in general, the presence of sinus cell hyperplasia seemed to indicate a favorable prognosis. The correlation, however, was not sufficiently good to permit prediction of life expectancy in individual cases. The data of Black and his colleagues also suggest that follicular hyperplasia, granuloma formation and hyaline deposition in regional lymph nodes are related to sinus cell hyperplasia. Our data, on the other hand, do not suggest such a relation.
SUMMARY
The occurrence of hyperplasia of the cells lining the sinuses of lymph nodes regional to a primary carcinoma has been studied in 66 patients with breast carcinoma and 24 patients with colon carcinoma. The data have been analyzed
